
Project Introduction

This study is to explore the communication architecture for future space-to-
ground CubeSat/SmallSat communication, through simulations, analyses, and
identifying technologies, to develop the optimum communication concepts for
CubeSat/SmallSat communications. This study will explore various
communication configurations and interoperability with NASA's Near Earth
Network (NEN) and Space Network (SN) to increase science data return.

The proposed communication configurations are depicted in the library: 
CubeSat direct-to-ground communication, CubeSat to TDRSS MA array
communication, CubeSat constellation with Mothership direct-to-ground
communication, and CubeSat Constellation with Mothership communication
through TDRSS MA array or K-Band Single Access (KSA)/S-Band Single Access
(SSA).

The objectives of this study are to:

Perform detailed analyses and simulations of the proposed
communication configurations.  This includes CubeSat swarm,
daughter ship/mother ship constellation, NEN S- and X-band
direct-to-ground link, TDRSS MA array vs Single Access mode,
notional transceiver/antenna configurations, ground asset
configurations, signal trades, space science X-band 10 MHz
maximum achievable data rates.
Explore Technology Readiness Level (TRL) of current technologies
capabilities. Phase I will provide a plan for collaboration to mature
the TRL and the infusion of the technology in near term to our
CubeSat architecture/needs.
Develop concept of operations for the CubeSat/SmallSat
communication configurations including simulation to predict the
performance.
Develop communication requirements/functional design for NASA’s
future CubeSat/SmallSat end-2-end communication.

Deliverables will include:

1. Detailed analysis and simulation results.
2. Current technologies TRL capabilities, a plan for collaboration,

maturity and infusion to CubeSat/SmallSat communication needs.
3. Detailed functional and performance requirements, interface

requirements, CubeSat/SmallSat functional design, physical
characteristics, mass, power, etc. for end-to-end communication.

4. Recommend the best design alternatives to meet the requirements
for enhanced communication capabilities and interoperability
selected.
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Research and Development Plan

With the proposed communication architecture depicted in Figure 1, a set of
link budget analysis and coverage analysis will be performed for various
communication configurations: CubeSat direct-to-ground communication,
CubeSat to TDRSS MA array communication, CubeSat constellation with
Mothership direct-to-ground communication, and CubeSat Constellation with
Mothership communication through TDRSS MA array or K-Band Single Access
(KSA)/S-Band Single Access (SSA).  Signal trades will be conducted to
determine the optimum signal structure considering data rate, modulation and
coding types, frequency allocation and other factors.  For CubeSat Space
Science mission, as the X-band spectrum allocation is only 10 MHz, an
analysis will be conducted to determine the maximum achievable data rate in
this X-band 10 MHz channel using high order modulation and advanced coding
technique. The critical technologies to enable implementation of the
communication configurations will be identified.  The current TRL of these
technologies will be assessed and a plan for collaboration to mature the TRL
and the infusion of the technology in near term for CubeSat will be provided. 
Based on the analysis, signal trade studies and technology assessment, the
functional design and performance requirements as well as operation concepts
for future CubeSat end-to-end communications will be derived.

Link Budget Analysis

1. NEN link budget analysis: S-band and X-Band link analysis will be
performed.  The S-band patch antenna and X-band earth coverage
antenna with various PA are assumed for use in CubeSat S/C. 
Various ground stations including polar ground stations as well as
Wallops ground station will be used.  The Ka-band link analysis
also will be conducted.  It will investigate the CubeSat Ka-band
end-to-end communication requirements including flight system
(transmitter, antenna and PA, EIRP, etc) and ground system
(antenna size, G/T, etc).
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2. SN link budget analysis; TDRSS Multiple Access (MA) array and K-
Band Single Access (KSA)/S-Band Single Access (SSA) link
analysis will be performed.  Due to the limited power constraint of
CubeSat, the legacy TDRSS MA service is not expected to provide
high enough data rate to CubeSat.  The proposed TDRSS MA array
is a “to-be-developed” capability in SN, and a demonstration is
planned within 12 months.  With TDRSS MA array combining signal
gain and the use of advanced coding techniques, such as CCSDS
rate ½ LDPC and DVB S2 rate 1/4 LDPC, codes will enable much
higher data rate for CubeSat in the MA mode.  This capability is
expected to be available for CubeSat in the mid to long term.  With
the Ka-band phased array antenna currently developed by
industry, TDRSS Ka SA service is expected to be viable for
CubeSat in the mid to long term.

The link budget analysis will determine CubeSat S/C communication system
design requirements such as data rate, modulation and coding type, antenna
gain, PA power and EIRP.  A reasonable link margin about 2 to 3 dB will be
used as the link performance measure.

Coverage Analysis

A coverage analysis will be performed to predict the available SN/NEN support
to CubeSat, based on geometric support and predicted signal margins
analysis.  The proposed TDRSS MA array return service will provide global
coverage for virtually any Cubesat orbital location with multiple in-view TDRS. 
Data arrives at customer MOCC nearly immediately after Cubesat
transmission, i.e., low latency.  All Cubesats can transmit 24/7 with no return
service scheduling required.  Forward service must be scheduled.   SN cannot
allocate a TDRSS MAF exclusively to Cubesat.  Normally, a 15 to 20 minutes
per orbit will be scheduled for CubeSat with SSA/KaSA return service.  For the
NEN, a set of designed ground stations will be used for the coverage analysis. 
Based on results of the analysis, the maximum achievable daily throughput
per Cubesat will be estimated.

 

Signal Trade Studies

The objective of the trade study is to determine the optimum signal structure
for CubeSat end-to-end communications.  Consideration in the study will
include the date rate requirement for command, housekeeping and science
data, modulation and coding (for instance, CDMA vs non CDMA ), power and
antenna size, frequency, RF interference, inter-satellite link, TDRSS and NEN
links as well as  hardware cost and complexity.  As the CubeSat/SmallSat
mission requirements vary widely, results of the trade studies could be the
recommendation of a range of best signal options for CubeSat/SmallSat
communications.
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Space Science X-band 10 MHz Maximum Achievable Data Rate

As the space science mission X-band spectrum allocation is constrained to 10 MHz:, a study will be performed to
determine the maximum achievable data rate in the 10 MHz bandwidth.  High order modulation such as 8 PSK, 16
QAM, 32 QAM or higher and bandwidth efficient coding schemes such as Rate 7/8 LDPC code, will be engaged for the
analysis/simulation. A semi-analytical approach will be employed to estimate the maximum achievable data rate.

 

Technologies Assessment and Infusion Plan

We will perform assessment of the TRL of the current S-, X-, and Ka-band CubeSat/SmallSat transceiver designs and
antennas.   Transceiver design parameters of interest in the assessment include:  modulation, coding, filtering, data
framing, routing, power requirements, form factor compatibility; as well as reconfigurable functions such as adaptive
communications (ACM/VCM), DVB-S2, and SDR capabilities to increase compatibility with ground stations.  Also, we
will explore the TRL, design parameters, and performance (support high gain/high data rates) characteristics of
current S-, X-, and Ka-band antennas for CubeSats/SmallSats.  These include inflatable antennas, phased arrays,
omni Antennas, gimbled dishes, etc. Power amplifier technology for CubeSat/SmallSat will be assessed. 
CubeSat/SmallSat antenna pointing capability with respect to altitude control system commanding will be assessed as
well.  The current capabilities and planned upgrades of NEN/SN such as TDRSS MA array will be included in this TRL
assessment.  The cost estimate of NENS CubeSat/SmallSat Ka-band end-to-end system will be provided.  We plan to
work with vendors to fully understand and assess their CubeSat/SmallSat transceiver and antenna designs.   Also, we
will engage Goddard scientists to understand their near-term mission and science data requirements.  These
interchanges will focus on TRL, standardized design, interface requirements, performance requirements, and
compatibility with NEN and SN.  Then, we will develop a plan for collaboration to mature the TRL of these technologies
and infusion in near term for CubeSat/SmallSat Communication needs.

 

CubeSat Communications System Functional Design and Performance Requirements Specification

Based on the analysis, signal trade studies and technology assessment, the functional design, interface and
performance requirements as well as operation concepts for future CubeSat end-to-end communications will be
derived.  A  notional communication system functional design block diagram for the CubeSat daughter ship and
mother ship spacecraft will be provided.

The CubeSat notional NEN S, X and Ka-bands and SN S and Ka-band transmit and receive frequencies and service
signal characteristics and parameters will be specified.   CubeSat communications system physical characteristics such
as the mass and DC power requirements will also be specified.  It will be summarized in a set of tables.

The CubeSat end-to-end operation concepts, based on results of the analysis, will be recommended for both near
term and mid/long term.
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Future Development and Funding Plan

The recommendations of this study will guide the development of future CubeSat/SmallSat SN and NEN compatible
end-to-end communication systems.  Providing more capabilities and achieving higher data rates for
CubeSats/SmallSats will set the stage for more funding sources and opportunities to conduct scientific research (Earth
Science, Heliophysics, Astrophysics and possibly Planetary) with cost effective and high efficient communications.

Anticipated Benefits

CubeSats and SmallSats provide a cost-effective, high return on investment method for conducting science missions
by using miniaturized scientific instruments.   Higher data rate CubeSats are transitioning away from Amateur Radio
bands, now requiring CubeSat communication hardware standardization and compatibility with NEN and SN.  The
study will develop communication concepts guiding the standardization and provide a plan of collaboration to mature
the communication hardware to support Space-to-Ground communication needs with the ultimate goals of increasing
interoperability with NEN and SN, increasing science data return.

Primary U.S. Work Locations and Key Partners

Organizations Performing Work Role Type Location

Goddard Space Flight Center(GSFC) Lead Organization NASA Center Greenbelt, Maryland

Primary U.S. Work Locations

Maryland
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